Regional atmospheric transport events at MBO resulted in elevated dacthal, endosulfan, metribuzin, triallate, trifluralin, and chlorpyrifos concentrations, with episodic increases in concentration during some spring application periods, suggesting that the Western U.S. is a significant source region for these CUPs. Endosulfan I, γ-HCH, and dacthal concentrations were significantly positively correlated (p-value < 0.05) with increased air mass time in Western U.S. agricultural areas. Elevated γ-HCH concentrations were measured at MBO during both transPacific and regional atmospheric transport events, including regional fire events. In addition to γ-HCH, elevated Σchlordane, α-HCH, HCB, and trifluralin concentrations were associated with fires in Western North America due to revolatilization of these pesticides from soils and vegetation. Trans-chlordane/cis-chlordane and α-HCH/γ-HCH ratios were calculated and may be used to distinguish between free tropospheric and regional and/or Asian air masses.
Introduction
Evidence of trans-Pacific atmospheric transport of combustion byproducts (e.g. CO) and semivolatile organic compounds (SOCs), including pesticides, is growing (1) (2) (3) (4) (5) (6) (7) and the outflow Pesticides may enter the atmosphere during application (e.g. spray drift), wind erosion of soil particles containing sorbed pesticides, and/or volatization from historically contaminated soils (9) (10) (11) . Once in the atmosphere, pesticides may be transported far from their source regions to remote locations such as the Arctic and/or high elevation ecosystems (11, 12) . In addition, midlatitude mountains serve as local areas of convergence for SOCs (13) and regional agricultural pesticide usage has been reported to have an impact on remote high elevation mountains in the Western U.S. (10, 11) . The objectives of this research were: (1) to measure current and historic use pesticides (CUPs and HUPs), with respect to the United States and Canada, in trans-Pacific and regional air masses at a remote, high elevation mountain site in the Western U.S.; (2) to determine the source regions of these CUPs and HUPs; and (3) to identify differences and similarities in the pesticide composition of regional Western U.S., trans-Pacific, and Asian air masses. The incomplete combustion byproduct (polycyclic aromatic hydrocarbons), industrial (polychlorinated biphenyls), and consumer use (fluorotelomer alcohols) SOC composition of these air masses has been reported elsewhere (7, 14) .
Experimental Chemicals
The pesticides and pesticide degradation products measured in this study included trifluralin, hexachlorobenzene (HCB), α-and γ-hexachlorocyclohexane (α-HCH and γ-HCH), metribuzin, dacthal, chlorpyrifos, chlorpyrifos oxon, trans and cis chlordane (TC, and CC), trans and cis nonachlor (TN and CN), endosulfan I and II, endosulfan sulfate, and dieldrin. A matrix interferant prevented the measurement of heptachlor. A complete list of targeted pesticides, including those not detected, isotopically labeled standards used for quantification, and solvents has been previously reported (8, 15) . Figure 1 shows the location of Mt. Bachelor Observatory (MBO) (43.98°N 121.69°W, 2763 m above sea level) in Oregon's Cascade Range (1, (5) (6) (7) 16 ) and the percent cropland in each county in Western North America (17). Air sampling was conducted at the summit building and access to the site was limited during extreme weather and lift maintenance. Other simultaneous measurements included: submicron aerosols (nephelometer), reactive gaseous mercury, particulate-phase mercury, Hg 0 , NO, NO x , CO, O 3 , Rn, meteorology, and water vapor mixing ratio conducted by the Jaffe group (University of Washington-Bothell) (1, 5, 6, 16 (18) . The predominant wind direction on the days sampled was from the west-northwest and west (7).
Sampling Site
The sample collection, extraction, and analysis for these samples have been reported previously (7) . Quartz fiber filters (Whatman, England) were used to collect the particulate-phase and polyurethane foam (PUF) (Tisch Environmental, Ohio) coupled with polystyrene divinyl benzene (XAD-2) (Supelco, Pennsylvania) in a PUF-XAD-PUF sandwich was used to collect the gas-phase. ASE (Dionex, California) cleaning and extraction has been previously reported in detail (7, 8) . Sample analysis was conducted using gas chromatographic mass spectrometry (GC/MS) in selective ion monitoring (SIM) mode with both negative chemical ionization (NCI) and electron impact (EI) ionization modes (8, 15) . Additional information on sample collection, extraction and analysis is provided in supporting information.
Back Trajectories and Data Analysis
Ten-day air mass back trajectories were calculated using NOAA's ARL HYSPLIT 4.0 model (FNL) (19) . Back trajectories were calculated at three elevations above model ground level (1300, 1500, and 1700 m), every three hours, over the twenty-four hour sampling period (including start and stop time) to determine the air mass time spent in designated source regions for a total of 27 trajectories per sample. MBO's elevation is ~1400 m above model ground level in the HYSPLIT model, thus three elevations were selected (16) . The trajectories were imported into ArcGIS (ESRI, Redlands, California) for spatial representation and S-PLUS version 7.0 (Insightful, Seattle, Washington) was used for statistical analysis.
Results

Identification of Air Mass Source Regions
Regions with intensive agriculture in the Western U.S. were identified based on the percent cropland on the county scale (17) and 1997 estimated current use pesticide usage maps (20). Figure 1B ). In Asia, two source regions were identified: the first was a more agriculturally intensive area including China, the Koreas, and Japan (Asia); and the second was Eastern Russia (Siberia) with less agricultural intensity ( Figures 1A) (2) . These boxes extend into the Pacific Ocean because of the outflow plumes from Asia (7, 8) and the large trajectory uncertainties (21) . Figure S1 because its use was not included in the USGS estimates.
However, Washington and Oregon states both hold active labels for lindane as a seed treatment
(22).
Source region impact factors (SRIFs), the percentage of time a sampled air mass back trajectory spent in a designated source region compared to the total trajectory time, were calculated using ten-day back trajectories. Details of the SRIF calculations are reported elsewhere (7, 8) . Figure S2 shows the air mass SRIFs for the different agricultural source regions and Figure S3 shows the percent of the air mass SRIF from the individual source regions.
Pearson correlation coefficients were calculated using the individual pesticide concentrations At MBO, the α-HCH concentrations were significantly positively correlated (p-value < 0.05) with HCB, γ-HCH, trifluralin, Σgas-phase PAH, Σparticulate-phase PAHs, and retene concentrations (Table S3 ). The significant correlations between α-HCH concentrations and concentrations of SOCs that are markers for Asian air masses (Σparticulate-phase PAHs) (7, 8) , in addition to markers for regional fires (Σgas-phase PAHs and retene) (7), suggests that both trans- WV data was available for 53 of the 69 samples and the 53 samples were divided into two groups, those greater than and those less than the measured median WV (2.52 g/kg). The α/γ HCH ratio in air samples corresponding to a WV greater than the median, n=26 (wet, boundary layer air) were compared to the ratio in samples corresponding to a WV less than the median n=27 (dry, free tropospheric air) using a Students t-test. A significantly higher (p-value, 0.01) α/γ HCH ratio was measured in the free tropospheric air (average ratio (±standard error) of 5.2 ± 0.8) compared to the boundary layer air (2.9 ± 0.3). Furthermore, the α/γ HCH ratio was significantly negatively correlated with WV (p-value < 0.05). The α-HCH isomer has a 25% longer atmospheric lifetime than the γ-HCH isomer based on reaction with the OH radical (28) and this may explain the difference in the measured ratios. The Σchlordane concentrations at MBO were significantly positively correlated (p-value < 0.05) with HCB, γ-HCH, Σendosulfan, trifluralin, ΣPCB, Σgas-phase PAH, retene, and levoglucosan concentrations (Table S3) A significantly higher (p-value, 0.02) trans-chlordane/cis-chlordane (TC/CC) ratio was measured in boundary layer air (1.39 ± 0.1), compared to free tropospheric air (0.87 ± 0.05), at MBO ( Figure S4B ). The technical chlordane used in North America has been reported to have a TC/CC ratio of 1.0-1.26 (2, 12, 36) . TC is more susceptible to photodegradation than CC and should result in a lower TC/CC ratio (< 1.0) (2, 12) . This may be the reason the free tropospheric ratio is less than the boundary layer ratio.
The trans-chlordane/trans-nonachlor (TC/TN) ratio is also shown in Figure S4C . This ratio could not be calculated in air masses that spent a significant amount of time over the Pacific However, there were no active registrations of γ-HCH in California, British Columbia, or Alaska
(22). Lindane continues to be produced and used in Asia (38) and increased γ-HCH concentrations have been associated with Chinese air masses (8).
At MBO, the γ-HCH concentrations were significantly positively correlated (p-value < 0.05) with HCB, α-HCH, Σchlordane, trifluralin, Σendosulfan, ΣPCBs, Σparticulate-phase PAH, Σgas-phase PAH, retene, and levoglucosan concentrations (Table S3 ). The correlations between γ-HCH concentrations and markers for trans-Pacific atmospheric transport (particulate-phase PAHs) (7), in addition to markers for biomass combustion (retene and levoglucosan) (7), suggest that both trans-Pacific transport and regional fires lead to elevated γ-HCH concentrations (7). 
(40). Dacthal undergoes atmospheric transport (11,41) and is used intensively in Eastern
Oregon/Washington and Central California ( Figure S1 ) (42) . Dacthal concentrations at MBO were significantly positively correlated (p-value < 0.05) with only Σendosulfan concentrations (Table S3 ) and dacthal use areas in the Western U.S. overlap with endosulfan use areas ( Figure   S1 ). Increased dacthal concentrations at MBO occurred in mid to late spring (Figure 2 Trifluralin: Volatization of trifluralin, a current use selective pre-emergence herbicide, after application can be significant, with loss of ~18% applied (44) . The majority of the use of trifluralin in the Western U.S. is in California, with some use in Washington and Oregon ( Figure   S1F ) and its estimated atmospheric half life is on the order of hours (40). Significant positive correlations (p-value < 0.05) existed between trifluralin concentrations and HCB, α-HCH, γ-HCH, Σchlordane, Σgas-phase PAH, ΣPCB, retene, and levoglucosan concentrations (Table S3) . Significant positive correlations (p-value < 0.05) between NO concentrations and trifluralin concentrations existed (Table S2) ; suggesting trifluralin may be associated with highly populated agricultural regions in the Western U.S., such as Central California. Figure S1F Chlorpyrifos: Chlorpyrifos, a current use organophosphate insecticide, is one of the most frequently used pesticides in U.S. homes for roach and termite control (45) . It has been previously reported to be detected more frequently in urban areas than agricultural areas (9).
Chlorpyrifos concentrations at MBO were significantly negatively correlated (p-value < 0.05) with HCB (Table S3 ) and significantly positively correlated with NO concentrations (p-value < 0.05) ( Table S2) The pesticide composition of trans-Pacific and regional air masses was measured at a high elevation site in the Western U.S.
